Degumming of pre-chlorite treated jute fiber was studied in this paper. The effects of sodium 
INTRODUCTION
Jute is a natural biodegradable fiber with advantages such as high tensile strength, excellent thermal conductivity, coolness, ventilation function et al. [1] [2] . Recently, due to the improvement of people's living standards and need for environmental protection, the demand of natural biodegradable and eco-friendly fibers is rising worldwide day by day. Ramie, flax, hemp and some other vegetable fibers have been used as textile materials, but jute fiber is basically used for traditional purposes such as manufacture of sackings, hessian, carpet backing and the like.
Taking account of the costliness of ramie and the shortage in sources of flax, and the challenges from the synthetic fibers in the traditional jute products market, if jute could be used to replace ramie and flax partially as textile material, not only the cost could be reduced but also a new market would be provided for jute products [2] [3] [4] [5] [6] [7] [8] [9] .
Jute fiber is a bast fiber obtained from the bark of [12] [13] .
Generally, there are three methods for degumming, i.e., mechanical, chemical and biological methods.
The mechanical methods such as steam explosion 2, 14 , microwave and ultrasonic 15 have very limited effect on improving the spinnability of jute fiber. Biodegumming is an eco-friendly method has some advantages viz. mild conditions and high efficiency. However, the application of enzymes for degumming is hindered by some factors such as high substrate specificity, low activity stability, high cost, and low total gum decomposition [16] [17] [18] . The chemical method is the most commonly used method for degumming, but this traditional method has some major disadvantages like serious environmental pollution, lengthy time required and high cost 19 . Taking account of these problems, it is urgent to improve the degumming method for natural fibers.
In our previous study, the pre-chlorite treatment of jute fiber before degumming has been reported to lighten the burden of degumming and enhance delignification 20 . In this paper, we report the chemical degumming of the pre-chlorite treated jute fiber. Both the gum decomposition and the spinnabilities viz. fineness, breaking strength and breaking extension were tested to optimize the conditions for degumming. Changes in the constituent content of the treated jute fiber were also analyzed.
MATERIALS AND METHODS

Materials
Jute
Lightly combed and dewaxed raw jute fiber (Bengal).
Chemicals
Sodium chlorite and sodium silicate were supplied by the Shanghai Nuotai Chemical Co., Ltd., China.
Acetic acid, sodium acetate, sodium hydroxide and sulphuric acid were purchased from the Shanghai Ruiteliang Chemical Industry Co., Ltd., China.
Penetrating agent TF-107B and degumming agent TF-125A were provided by the Zhejiang Transfar
Co., Ltd., China.
Methods
Pre-chlorite treatment
The samples were treated in a bath with sodium chlorite 1.5g/L, pH 3, liquor ratio 1:10, and kept at 30℃ for 30 min. and then thoroughly washed.
Scouring
The pre-chlorite treated jute fiber was treated with sodium hydroxide 5-30g/L, sodium silicate GB/T12411.3. The constituent contents were tested according to GB/5889-86, and gum decomposition was calculated using Eq. 1:
Where M 0 is the gum content of the raw jute fiber, M 1 is the residual gum content of the degummed jute fiber.
RESULTS AND DISCUSSION
Effect of Sodium Hydroxide Concentration
In order to obtain the optimum sodium hydroxide concentration for degumming, the pretreated jute After the treatment, the gum decomposition,
fineness and mechanical properties were tested to estimate the effect of sodium hydroxide concentration. The results are represented in Figure   1 and Table I . 
Effect of Time
In order to obtain the optimum time for degumming, the pretreated jute fiber was treated for different time viz. 60 min., 90 min., 120 min., 180 min., 240 min., and the solution was made with sodium hydroxide 10g/L, sodium silicate 3.0g/L, TF107-B 2.0g/L, TF-125A 2.0g/L, fiber to liquor ratio 1:20, and treated at 98℃, followed by washing and finally dried in an oven. After the treatment, the gum decomposition, fineness and mechanical properties were tested to evaluate the effect of time.
The results are showed in Figure 2 and It can be seen from Figure 2 that gum decomposition value initially increased with the increase of treatment time, but no obvious changes were observed after 120 min. It may be explained that the extent of jute fiber swelling increased with time and was fairly complete within 120 min. The gum loosened and opened up, allowing the auxiliary agents to easily penetrate into the fiber. As a result, the auxiliary agents react sufficiently with non-cellulose materials, and make them decompose and dissolve in the treatment solution. At the same time, it may be also explained that the decomposable and dissolvable materials have been completely removed in 120 min. So there is no need to continue treatment after 120 min. 
Effect of Temperature
In order to obtain the optimum temperature for degumming, the pretreated jute fiber was treated at different temperature viz. 60℃, 70℃, 80℃, 90℃, 100℃, and the solution was made with sodium hydroxide 10 g/L, sodium silicate 3.0 g/L, TF-107B
2.0 g/L, TF-125A 2.0 g/L, fiber to liquor ratio 1:20, and treated for 120 min, followed by washing and finally drying in an oven. After the treatment, the gum decomposition, fineness and mechanical properties were tested to determine the effect of temperature. The results are represented in Figure 3 and Table III . 
Effect of Sodium Silicate Concentration
In order to obtain the optimum sodium silicate concentration for degumming, the pretreated jute fiber was treated with different sodium silicate
5.0g/L, and the solution was made with sodium hydroxide 10g/L, TF-107B 2.0g/L, TF-125A 2.0g/L, fiber to liquor ratio 1:20, and treated at 100℃ for 120 min., followed by washing and finally drying in an oven. After the treatment, the gum decomposition, fineness and mechanical properties were tested to evaluate the effect of sodium silicate concentration. The results are showed in Figure 4 and It can be seen from Figure 4 that the gum decomposition value increased up to 72.6% at sodium silicate concentration 3.0g/L, but decreased with further increase in the sodium silicate concentration. adsorption of the decomposed and dissolved gum.
When the sodium silicate concentration is lower than 3.0g/L, the decomposed gum could not sufficiently be adsorbed by the sodium silicate and might stick onto the surface of jute fiber. When the treated fibers were drying, the fibers would connect to each other again. But when the sodium silicate concentration was further increased, the sodium silicate with decomposed gum would be held by the jute fiber, preventing the decomposed gum from dissolving. So the control of sodium silicate concentration is very critical during the degumming process. Based on the above discussion, it was concluded that the optimum concentration should be controlled at 3.0g/L.
Effect of Fiber to Liquor Ratio
In order to obtain the optimum fiber to liquor ratio for degumming, the pretreated jute fiber was treated with different fiber to liquor ratio viz. Therefore, the optimum fiber to liquor ratio should be controlled at 1:20.
Effect of TF-125A Concentration
By keeping a constant concentration of sodium hydroxide 10g/L, sodium silicate 3.0g/L, TF-107B
2.0g/L, fiber to liquor ratio 1:20, the degumming of jute fiber was studied at 100℃ for 120 min. with different concentrations of TF-125A ranging from 1.0 to 8.0g/L. The gum decomposition, breaking strength, breaking extension and fineness were then tested to determine the effect of TF-125A concentration. The results are shown in Figure 6 and It can be seen from Figure 6 that at a low level of applied TF-125A, the gum decomposition value increased with the increasing of TF-125A concentration. When the applied TF-125A was more than 2.0g/L, the value of gum decomposition gradually decreased. And the results in Table VI show that both the breaking strength value and breaking extension value decreased almost linearly.
And the minimum fineness value 2.02 tex was obtained at TF-125A concentration 2.0g/L. It may be explained that the application of TF-125A could observably enhance the degumming effect. With the increasing of TF-125A concentration, the decomposition of gum was accelerated and accompanied by degradation of cellulose. Thus it can be seen that using 2.0g/L TF-125A was sufficient to obtain a fiber with favorable spinnability and little reversion would be gained by using excess amounts of TF-125A.
Effect of TF-107B Concentration
To examine the effect of TF-107B concentration, the pretreated jute fiber was treated using sodium hydroxide 10g/L, sodium silicate 3.0g/L, TF-125A
2.0g/L, fiber to liquor ratio 1:20, and kept at 100℃ The results are shown in Figure 7 and Table VII . It can be seen from Figure 7 that increasing the concentration of TF-107B from 0.5 to 2.0g/L was accompanied by an increase in gum decomposition.
A further increase in TF-107B concentration gave little reversion in the gum decomposition. Table VII shows that both the breaking strength and the breaking extension obtained the maximum value 83.96cN and 6.03% at TF-107B 1.0g/L, respectively, and then gradually decreased with further increase in the concentration of TF-107B. 
Effect of Degumming on the Constituent
Contents of Jute Fiber
The major constituents of raw and treated jute fiber were assessed to analyze the effect of degumming on the removing of non-cellulose. The results were shown in Table X . 
CONCLUSIONS
The degumming process is necessary for improving the textile properties of jute fiber. The pre-chlorite 
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